Introduction {#s1}
============

Head and neck squamous cell carcinoma (HNSCC) represents with 7% of all malignant diseases the 6th most common malignancy in humans and accounts for \~70,000 new cases diagnosed and \~10,000 deaths annually in the USA and Europe ([@B1], [@B2]). Carcinogenic factors for HNSCCs are the ingredients of tobacco smoke and alcohol ([@B3]) and, specifically for tonsillar SCC (TSCC), the infection with high-risk human papillomaviruses \[HPV\] ([@B4], [@B5]). Moreover, an increasing prevalence of HPV-positive TSCC seems to be paralleled by a decreased tobacco use ([@B6]). Even though in our own study populations the proportion of smokers among HPV-negative and HPV-positive TSCC patients is 70 and 50%, respectively ([@B5]), there is a clear tendency of HPV-positive HNSCC patients to be non-smokers and vice versa in various populations tested throughout the world \[([@B4]--[@B7]) and references cited therein\]. Therapy regimens for HNSCCs are surgery alone or combined with risk adapted adjuvant radio(chemo)therapy (R(C)T) and primary R(C)T. Prognosis of survival is predominantly dependent on the infection with HPV ([@B4], [@B5], [@B8]), smoking habit ([@B9]) and the presence of co-morbidities ([@B10]) with poorest survival rates for HPV-negative smokers or patients with co-morbidities ([@B4], [@B5], [@B8]--[@B11]). Only recently, we reported on inferior survival rates even for HPV-positive HNSCCs cases when the patients were former or active smokers ([@B5]). Since it is established that a positive smoking history is significantly linked to the presence of co-morbidities ([@B11]--[@B13]) it could be assumed that not the smoking habit *per se* is causally linked to poor survival rates of smokers but rather to smoking associated co-morbidities of these patients ([@B14]). Smoking induced co-morbidity might therefore affect therapy compliance and regimens for example in terms of not reaching planned dosage of radiation or chemotherapy. While the specific link of smoking and co-morbidity has not yet been elucidated in this setting, Chen et al. reported an extended duration of radiotherapy for nasopharyngeal carcinoma patients in the presence of co-morbidity itself ([@B15]). Furthermore, Lee et al. described inferior tolerability and use of chemotherapy for solid tumors in co-morbid patients ([@B16]). On the contrary, Bøje et al. report a similar therapy compliance of HNSCC patients with or without co-morbidity ([@B17]). In this light of conflicting data, we aimed to investigate the influence of co-morbidity on therapy compliance of HNSCC patients with an emphasis on their smoking history. For this purpose, we analyzed patient files and data retrieved from our hospital database of 643 patients treated in an academic Head and Neck Cancer Center in Germany.

Patients and Methods {#s2}
====================

Study Design
------------

Data were extracted from a clinical database and files of 643 consecutive unselected cancer patients, who were treated at the University Hospital Head and Neck Tumor Center Kiel, Germany, between 2013 and 2016 were analyzed in a retrospective setting. Overall, patient files of all patients with curative intent treated in the aforementioned time period were analyzed. This included patients with all types of HNSCC and all TNM-categories. M1 patients were also treated with primary radiochemotherapy, possibly after resection of distant metastasis. Study design and work-up followed informed and written consent; the study was approved by the local Ethics Committee (D507/17).

The aim of the study was to assess based on the patients\' files whether or not the patients reached the optimal target dose of 300 mg Cisplatin or Carboplatin per m^2^ body surface area (BSA) and to establish a possible correlation between smoking habit and co-morbidities of the patients, alone and in combination, on therapy compliance (reaching the optimal target dose). Since it is well known that 200 mg Cisplatin/m^2^ BSA, is also sufficient for the here applied concomitant chemotherapy, a second analysis was performed based on this lower, but still sufficient dose, again correlating therapy compliance or the lack of it with smoking habit and co-morbidities of the patients, alone and in combination. Similarly, two different cut-off levels were used to correlate achievement of the target dose for primary and adjuvant radiotherapy (RT), respectively, with smoking habit and co-morbidities of the patients, alone and in combination. These doses are: 70 and 65 gy for primary RT and 60 and 55 gy for adjuvant RT.

Smoking habit was measured in pack years consumed and patients who stopped smoking at least 2 years prior to diagnosis were classified as former smokers. In order to assess and screen the co-morbidity burden comprehensively, we used four different algorithms: The different algorithms are characterized as follows: \[1\] "counted": the number of all co-morbidities (listed and not listed in CCI) of each patient was counted, added up and each co-morbidity was scored as "1"; \[2\] CCI: the co-morbidities were scored according to Charlson et al. ([@B18]); \[3\]: "CCI plus" presents an "in-house" modification of the original CCI, where arterial hypertension and arrhythmia are included and both are scored as "1"; \[4\]: the Quan CCI was used as described, previously ([@B19]).

In addition, overall survival (OS) and tumor related survival (TRS) with a follow-up range of 0.01--4.4 years and mean follow up of 1.62 years were analyzed. OS was defined as time in years from date of diagnosis until date of death from either any cause or primary tumor related death (TRS). Mortality was censored on October 1st, 2017 and Kaplan--Meier analysis were performed correlating the effect of smoking and co-morbidity alone and in combination on overall and tumor related survival. Furthermore, to describe the patient cohort in more detail, the following information was also extracted from the patients\' files: sex, smoking habit prior to diagnosis, status (censored 10.2017), cause of death, tumor site, T- N- M-categories, treatment, occurrence of co-morbidities and their entities.

Analysis regarding the correlation of smoking habit and occurrence of co-morbidities and in the respective survival analysis included patients receiving "surgery only" to strengthen statistical power of analysis. However, these patients were not included in the data set used to analyze therapy compliance.

Statistical Analyses
--------------------

Fisher\'s exact test (SPSS 20.0 software) was performed to correlate co-morbidity and smoking either alone or in combination with the patients\' therapy compliance. One way ANOVA (SPSS 20.0 software) was performed to correlate patients\' age and the occurrence of co-morbidities and the patients\' tobacco consumption with the occurrence of co-morbidities. In addition Kaplan--Meier plots and log-rank tests (SPSS 20.0 software) were used correlating the effect of smoking and co-morbidity alone and in combination on overall and tumor related survival. *p*-values ≤ 0.05 were considered statistically significant.

Results {#s3}
=======

Patient Demographics
--------------------

Patient characteristics are described in [Table 1](#T1){ref-type="table"}. The mean age was 64.5 ± 10.2 years (range 39.86--98.02 years). The majority of patients was male \[77.3% (497/643)\]. In total, 349 patients (54.4%) reported a smoking habit, 113 (17.6%) reported to have never smoked and 180 (28.0%) reported to have ceased smoking at least 2 years prior to diagnosis. Tumor sites were as follows: oral cavity 51 patients (7.9%); hypopharynx 94 patients (14.6%); larynx 163 patients (25.3%); tonsil 95 patients (14.8%); oropharynx other than tonsil 155 patients (24.1%); nasopharynx 49 patients (7.6%) and other sites 36 patients (5.6%). The majority of patients were treated by surgery only (315/643; 49.0%); 111 patients (17.3%) were treated by primary radiochemotherapy (RCT); 24 patients (3.7%) received primary radiotherapy (RT); 121 patients (18.8%) were treated by surgery plus adjuvant RCT, and 72 patients (11.2%) were treated by surgery plus adjuvant RT. Of those patients treated by primary or adjuvant RCT (*n* = 232) 59.5% (*n* = 137) were treated with cisplatin, for 22 of these patients no cisplatin dose was recorded. Of the remaining 115 patients with known cisplatin dose 65 patients (56.5%) did not reach the target dose of 300 mg/m^2^ body surface area (BSA) and 50 patients (43.5%) did reach this target dose. However, 95 patients (82.6%) did reach the reduced, but still sufficient target dose of 200 mg/m^2^ BSA. In contrast to the cisplatin data radiotherapy data were available for all 137 patients treated with cisplatin as part of their RCT. Of these 137 patients only 22.4% (*n* = 15) patients treated by primary RCT reached the target dose of 70 gy, the dose of 65 gy, however, was reached by 89.6% (*n* = 60) of the patients. Of those patients treated by adjuvant RCT 82.9% (*n* = 58) reached the target dose of 60 gy and all 70 patients reached the lower dose of 55 gy. Of those patients treated by primary RT without chemotherapy, only 20.8% (*n* = 5) reached the target dose of 70 gy. Additionally, in this treatment group 58.3% (*n* = 14) of the patients reached 65 gy. In the group of patients treated with adjuvant RT without chemotherapy 47/71 patients (66.2%) reached 60 gy and 63 (88.7%) reached 55 gy.

###### 

Patient characteristics.

  **Variable**                                                                               ***n***   **percent**
  ------------------------------------------------------------------------------------------ --------- -------------
  Sex                                                                                                  
  Female                                                                                     146       22.7
  Male                                                                                       497       77.3
  Smoking habit prior to diagnosis (*n* = 1 missing)                                                   
  Never smoker                                                                               113       17.6
  Former smoker                                                                              180       28.0
  Active smoker                                                                              349       54.4
  Status (10.2017)                                                                                     
  Alive                                                                                      501       77.9
  Dead                                                                                       142       22.1
  Cause of death                                                                                       
  Primary tumor                                                                              87        61.3
  Secondary tumor                                                                            6         4.2
  Not tumor related                                                                          23        16.2
  Unclear                                                                                    26        18.3
  Tumor site                                                                                           
  Oral cavity                                                                                51        7.9
  Hypopharynx                                                                                94        14.6
  Larynx                                                                                     163       25.3
  Tonsil                                                                                     95        14.8
  Oropharynx other than tonsil                                                               155       24.1
  Nasopharynx                                                                                49        7.6
  Other                                                                                      36        5.6
  T-category (*n* = 7 missing)                                                                         
  T1/T2                                                                                      318       50.0
  T3/T4                                                                                      318       50.0
  N-category (*n* = 4 missing)                                                                         
  N0                                                                                         318       50.0
  N1-2a                                                                                      292       45.9
  \>N2b                                                                                      29        4.6
  M-category (*n* = 45 missing)                                                                        
  M0                                                                                         580       91.2
  M1                                                                                         18        2.8
  Treatment                                                                                            
  Surgery only                                                                               315       49.0
  Adjuvant RCT                                                                               121       18.8
  Adjuvant RT                                                                                72        11.2
  Primary RCT                                                                                111       17.3
  Primary RT                                                                                 24        3.7
  Co-morbidities                                                                                       
  Minus                                                                                      131       20.4
  Plus                                                                                       512       79.6
  Co-morbidity entity (*n* = 1,152 since several patients have more than one co-morbidity)             
  Cardiovascular                                                                             585       50.8
  Of these                                                                                             
  Cardial                                                                                    52        8.9
  Vascular                                                                                   263       45.0
  Cardiovascular                                                                             270       46.2
  Pulmonary                                                                                  124       10.8
  Endocrinological                                                                           207       18.0
  Other                                                                                      236       20.5

One hundred thirty-one (20.4%) patients only had no further disease than the head and neck tumor, while the majority of patients (*n* = 512; 79.6%) were treated for one or more further diseases. The total number of reported co-morbidities was 1,152, of these cardio-vascular diseases presented with 585 reports (50.8%) the majority of co-morbidities. Pulmonary diseases were reported 124 times (10.8%), endocrinological onces 207 times (18.0%) and other co-morbidities were reported 236 times (20.5%).

Comparison of Different Algorithms to Quantify Co-morbidities
-------------------------------------------------------------

In [Table 2](#T2){ref-type="table"} the scoring results for the reported co-morbidities are shown. For better comparison the patient number (*n* = 643) was set as 100% since different algorithms score the same co-morbidities differently. The different algorithms revealed no significant differences in the observed co-morbidity scores (*p* = 1). All further analysis regarding the effects of the patients\' co-morbidities was performed using the "counted" index, since this is the only algorithm including all co-morbidities, hence presenting the least bias.

###### 

Comparison of different algorithms to quantify co-morbidities.

  **Algorithm**   **Counted**   **CCI**   **CCI plus**   **Quan CCI**                      
  --------------- ------------- --------- -------------- -------------- ----- ------ ----- ------
  0               131           20.4      285            44.3           180   28.0   391   60.8
  1--3            433           67.3      298            46.3           363   56.5   210   32.7
  \>4             79            12.3      60             9.3            100   15.6   42    6.5

For better comparison the patient number (n = 643) was set as 100% since different algorithms score the same co-morbidities differently. The different algorithms are characterized as follows: counted: the number of all co-morbidities of each patient was counted, added up and each co-morbidity was scored as "1"; for Charlson co-morbidity index (CCI) the co-morbidities were scored according to Charlson et al. ([@B18]). CCI plus presents an "in-house" modification of the CCI, where arterial hypertension and arrhythmia are included in the original CCI and both are scored as "1." The Quan CCI was used as described, previously. Here co-morbidities are pooled and grouped into none, 1--3 and more than four co-morbidities ([@B19]).

*Kruskal-Wallis Test: p = 1*.

Analysis of Age, Smoking Habit and Co-morbidity
-----------------------------------------------

Patients reporting to be active smokers were at time of cancer diagnosis significantly younger than never or former smokers (never smokers: 68.6 ± 10.9; former smoker: 68.4 ± 9.7; active smoker: 61.0 ± 8.5; *p* \< 0.001). In addition, active smokers had a total of 611 co-morbidities, former smokers had 391 and never smokers 146 co-morbidities (*p* = 0.030); for one patient with four co-morbidities the smoking habit was not recorded. Further analysis of the patients\' age with their smoking habit in combination with the occurrence of co-morbidities showed that never smokers, former smokers and active smokers without co-morbidities were significantly younger than never smokers, former smokers and active smokers with co-morbidities overall *p*-value by one way ANOVA was *p* \< 0.0001. Tukey-Kramer Multiple *post hoc* comparison test showed: never smokers with co-morbidities: 70.9 ± 10.2; never smokers without co-morbidities: 63.4 ± 10.9 *p* \< 0.01; former smokers with co-morbidities: 69.2 ± 9.2 former smokers without co-morbidities: 63.1 ± 10.9 *p* \< 0.05; active smokers with co-morbidities 62.1 ± 8.9 active smokers without co-morbidities 56.9 ± 7.5 *p* \< 0.001. In addition, as shown in [Figure 1](#F1){ref-type="fig"} there is a correlation (*r*^2^ = 0.031) between tobacco consumption in pack years and the number of co-morbidities reported together with an overall significance (one way ANOVA) of *p* = 0.046 between tobacco consumption and number of co-morbidities.

![Correlation of smoking habit and co-morbidity. The correlation between the reported number of co-morbidities of the HNSCC patients and their tobacco consumption in pack years (py) is shown as a boxplot. In addition the regression co-efficiency was calculated demonstrating a correlation (*r*^2^ = 0.031) and an overall significance calculated by one way ANOVA of *p* = 0.046 between tobacco consumption and increasing number of co-morbidities.](fonc-10-00398-g0001){#F1}

Effect of Smoking and Co-morbidity Alone and in Combination on Overall and Tumor Related Survival
-------------------------------------------------------------------------------------------------

[Table 3](#T3){ref-type="table"} shows the influence of smoking habit, the occurrence of co-morbidities either alone or in combination on the patients\' overall or tumor related survival. Never smokers showed better overall and tumor related survival than former and active smokers (*p* = 0.002 and 0.006 for overall and tumor related survival, respectively). Likewise, patients without co-morbidities showed better overall and tumor related survival than patients with co-morbidities (*p* = 0.001 and 0.046 for overall and tumor related survival, respectively). Interestingly, as also shown in [Figures 2A,B](#F2){ref-type="fig"}, the combination of smoking habit and occurrence of co-morbidities revealed that never smokers with co-morbidities showed worse overall and tumor related survival than former and even active smokers without co-morbidities: 3 years overall survival was 78.9% for never smokers with co-morbidities and 94.1% for former, and 80.4% for active smokers without co-morbidities; 3 years tumor related survival was 82.8% for never smokers with co-morbidities and 94.1% for former and 84.3% for active smokers without co-morbidities.

###### 

Kaplan-Meyer analysis showing overall (OS) and tumor related (TRS) survival dependent on smoking habit, patients\' comorbidity and the correlation of both.

  **Variable**                                                            ***n***   **Mean (years)**   **Std (years)**   **Min (years)**   **Max (years)**   **Median (years)**   **3ry OS (%)**   ***p*-value**   **3yr TRS (%)**   ***p*-value**
  ----------------------------------------------------------------------- --------- ------------------ ----------------- ----------------- ----------------- -------------------- ---------------- --------------- ----------------- ---------------
  **Smoking habit prior to diagnosis**                                                                                                                                                                                               
  Never smoker                                                            113       1.72               1.18              0.02              4.41              1.47                 85.7             0.002           89.7              0.006
  Former smoker                                                           180       1.69               1.14              0.02              4.18              1.54                 72.3                             82.6              
  Active smoker                                                           349       1.55               1.14              0.01              4.44              1.26                 66.3                             76.9              
  **Comorbidity**                                                                                                                                                                                                                    
  Minus                                                                   131       1.74               1.17              0.02              4.41              1.61                 87.0             0.001           89.9              0.046
  Plus                                                                    512       1.59               1.14              0.01              4.44              1.38                 67.4                             78.4              
  **Smoking habit prior to diagnosis in combination with co-morbidity**                                                                                                                                                              
  Never smoker without co-morbidity                                       38        1.97               1.36              0.03              4.41              1.76                 93.7             0.001           96.6              0.028
  Former smoker without co-morbidity                                      26        1.91               1.07              0.36              4.09              1.62                 94.1                             94.1              
  Active smoker without co-morbidity                                      67        1.49               1.05              0.02              4.30              1.39                 80.4                             84.3              
  Never smoker with co-morbidity                                          78        1.59               1.07              0.02              4.33              1.39                 78.9                             82.8              
  Former smoker with co-morbidity                                         153       1.65               1.15              0.02              4.18              1.53                 68.7                             80.6              
  Active smoker with co-morbidity                                         280       1.56               1.15              0.01              4.44              1.24                 63.7                             75.9              

![Effect of the combination of smoking habit and co-morbidity on overall and tumor related survival. In **(A)** overall and in **(B)** tumor related survival in relation to the combination of smoking habit and co-morbidity is shown. Never smokers without co-morbidities (magenta lines) *n* = 38 had an overall survival rate of 93.7% and a tumor related survival rate of 96.6%. Former smokers without co-morbidities (red lines) *n* = 26 had overall and tumor related survival rates of 94.1% each. Active smokers without co-morbidities (light blue lines) *n* = 67 had an overall survival rate of 80.4% and a tumor related survival rate of 84.3%. Never smokers with co-morbidities (dark blue lines) *n* = 78 had an overall survival rate of 78.9% and a tumor related survival rate of 82.8%. Former smokers with co-morbidities (black lines) *n* = 153 had an overall survival rate of 68.7% and a tumor related survival rate of 80.6%. Active smokers with co-morbidities (green lines) *n* = 280 had an overall survival rate of 63.7% and a tumor related survival rate of 75.9%. Log rank test revealed *p* = 0.001 and 0.028 for overall and tumor related survival, respectively.](fonc-10-00398-g0002){#F2}

Patients\' Therapy Compliance in Relation to Smoking Habit and Co-morbidity Alone and in Combination
----------------------------------------------------------------------------------------------------

The effects of smoking habit and occurrence of co-morbidities alone and in combination on the patients\' therapy compliance are shown in [Table 4](#T4){ref-type="table"}. As shown in [Table 4A](#T4){ref-type="table"}, patients\' therapy compliance was initially defined as reaching the target dose of 300 or 200 mg cisplatin/m^2^ body surface area (BSA). Of the 232 patients treated by RCT 137 (59.5%) were treated with cisplatin. For 115 (83.3%) of these patients the cisplatin dose could be retrieved form the patient files. The target dose of 300 mg cisplatin/m^2^ BSA was reached by 50 (43.5%) of the patients, while 65 (56.5%) of the patients did not reach this target dose. The reduced, but still sufficient target dose of 200 mg cisplatin/m^2^ BSA was reached by 95 (82.6%) of the patients while 20 (17.4%) of the patients did also not reach this reduced target dose. However, there was no correlation between smoking habit, the occurrence or the number of co-morbidities and whether or not any of the target doses were reached. Nor had the combination of smoking habit and the occurrence of co-morbidities any effect on therapy compliance regarding the cisplatin dose. While the cisplatin target dose is identical during primary and adjuvant RCT the target gray dose for primary R(C)T is 70 gy or, as a second option, 65 gy, and for adjuvant R(C)T the target dose is either 60 or 55 gy. For this reason, in [Tables 4B](#T5){ref-type="table"},[C](#T6){ref-type="table"} target doses for the RT part of the RCT ([Table 4B](#T5){ref-type="table"}) and the RT alone ([Table 4C](#T6){ref-type="table"}) are divided in primary and adjuvant RT. Only 22.4% (*n* = 15) patients treated by primary RCT reached the target dose of 70 gy, the dose of 65 gy, however, was reached by 89.6% (*n* = 60) of the patients. Of those patients treated by adjuvant RCT 82.9% (*n* = 58) reached the target dose of 60 gy and all 70 patients reached the lower dose of 55 gy. Again, no correlation between smoking habit, the occurrence or the number of co-morbidities and whether or not any of the target doses were reached could be detected. Nor had the combination of smoking habit and the occurrence of co-morbidities any effect on therapy compliance regarding the RT part of the RCT.

###### 

Correlation between therapy compliance during R(C)T treatment and the patients\' smoking habit, the occurrence of co-morbidities and the combination of both parameters.

  **A: Reaching the cisplatin target dose during RCT treatment. Of the 232 patients treated by primary or adjuvant RCT 137 were treated with cisplatin, however, for 22 patients the cisplatin dose was not recorded**.                                                                                                                     
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------- ----------- -------------------------------------- ----------- ----------- -------
                                                                                                                                                                                                                          **Cisplatin target dose 300 mg/BSA**               **Cisplatin target dose 200 mg/BSA**                           
                                                                                                                                                                                                                          ***n*** **=** **115**                              ***n*** **=** **115**                                          
                                                                                                                                                                                                                          **Reached**                                        **Reached**                                                    
                                                                                                                                                                                                                          Yes                                    No                                                 Yes         No          
  Variable                                                                                                                                                                                                                50 (43.5)                              65 (56.5)                                          95 (82.6)   20 (17.4)   
  **Smoking habit prior to diagnosis**                                                                                                                                                                                                                           *p*-value                                                      *p*-value   
  Never smoker                                                                                                                                                                                                            3 (2.6)                                13 (11.3)   0.101                                  12 (10.4)   4 (3.5)     0.408
  Former smoker                                                                                                                                                                                                           13 (11.3)                              16 (13.9)                                          26 (22.6)   3 (2.6)     
  Active smoker                                                                                                                                                                                                           34 (29.6)                              36 (31.3)                                          57 (49.6)   13 (11.3)   
  Co-morbidities                                                                                                                                                                                                                                                                                                                            
  Minus                                                                                                                                                                                                                   10 (8.7)                               14 (12.2)   1                                      20 (17.4)   4 (3.5)     0.408
  Plus                                                                                                                                                                                                                    40 (34.8)                              51 (44.3)                                          75 (65.2)   16 (13.9)   
  **Co-morbidities**                                                                                                                                                                                                                                                                                                                        
  None                                                                                                                                                                                                                    10 (8.7)                               14 (12.2)   1                                      20 (17.4)   4 (3.5)     1
  1--3 co-morbidities                                                                                                                                                                                                     36 (31.3)                              46 (40.0)                                          68 (59.1)   14 (12.2)   
  \>4 co-morbidities                                                                                                                                                                                                      4 (3.5)                                5 (4.3)                                            7 (6.1)     2 (1.7)     
  **Smoking habit in combination with co-morbidities**                                                                                                                                                                                                                                                                                      
  Never smoker without co-morbidity                                                                                                                                                                                       1 (0.9)                                5 (4.3)     0.457                                  4 (3.5)     2 (1.7)     0.758
  Former smoker without co-morbidity                                                                                                                                                                                      2 (1.7)                                2 (1.7)                                            4 (3.5)     0 (0.0)     
  Active smoker without co-morbidity                                                                                                                                                                                      7 (6.1)                                7 (6.1)                                            12 (10.4)   2 (1.7)     
  Never smoker with co-morbidity                                                                                                                                                                                          2 (1.7)                                8 (7.0)                                            8 (7.0)     2 (1.7)     
  Former smoker with co-morbidity                                                                                                                                                                                         11 (9.6)                               14 (12.2)                                          22 (19.1)   3 (2.6)     
  Active smoker with co-morbidity                                                                                                                                                                                         27 (23.5)                              29 (25.2)                                          45 (39.2)   11 (9.6)    

*Numbers in parentheses represent percentages. BSA, body surface area*.

  **B: Reaching the target dose of either primary or adjuvant RT during RCT treatment. In contrast to the cisplatin data radiotherapy data were available for all 137 patients**                                                                                                                                                                                                                              
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------- ----------- ---------------------------------- ----------- ----------------------------------- ------- ----------------------------------- ----------- ------- ------------ ----------- ----
                                                                                                                                                                                   **Primary RT target dose 70 gy**               **Primary RT target dose 65 gy**               **Adjuvant RT target dose 60 gy**           **Adjuvant RT target dose 55 gy**                                                
                                                                                                                                                                                   ***n*** **=** **67**                           ***n*** **=** **67**                           ***n*** **=** **70**                        ***n*** **=** **70**                                                             
                                                                                                                                                                                   **Reached**                                    **Reached**                                    **Reached**                                 **Reached**                                                                      
                                                                                                                                                                                   Yes                                No                                             Yes         No                                          Yes                                 No                  Yes          No          
  Variable                                                                                                                                                                         15 (22.4)                          52 (77.6)                                      60 (89.6)   7 (10.4)                                    58 (82.9)                           12 (17.1)           70 (100.0)   0 (0.0)     
  **Smoking habit prior to diagnosis**                                                                                                                                                                                *p*-value                                                  *p*-value                                                                       *p*-value                        *p*-value   
  Never smoker                                                                                                                                                                     0 (0.0)                            10 (15.0)   0.127                              9 (13.5)    1 (1.5)                             0.853   9 (12.9)                            2 (2.9)     0.464   11 (15.7)                NA
  Former smoker                                                                                                                                                                    5 (7.5)                            10 (15.0)                                      13 (19.5)   2 (3.0)                                     21 (29.9)                           2 (2.9)             23 (32.9)                
  Active smoker                                                                                                                                                                    10 (15.0)                          32 (48.0)                                      38 (56.5)   4 (6.0)                                     28 (39.8)                           8 (11.6)            36 (51.4)                
  **Co-morbidities**                                                                                                                                                                                                                                                                                                                                                                                          
  Minus                                                                                                                                                                            2 (3.0)                            10 (15.0)   0.721                              9 (13.5)    3 (4.5)                             0.336   18 (25.7)                           3 (4.3)     1       21 (29.9)                NA
  Plus                                                                                                                                                                             13 (19.4)                          42 (62.7)                                      51 (76.0)   4 (6.0)                                     40 (57.1)                           9 (12.9)            49 (70.1)                
  **Co-morbidities**                                                                                                                                                                                                                                                                                                                                                                                          
  None                                                                                                                                                                             2 (3.0)                            10 (15.0)   0.370                              9 (13.5)    3 (4.5)                             0.192   18 (25.7)                           3 (4.3)     0.879   21 (29.9)                NA
  1--3 co-morbidities                                                                                                                                                              10 (15.0)                          38 (57.0)                                      44 (66.0)   4 (6.0)                                     36 (51.4)                           9 (12.9)            45 (64.4)                
  \>4 co-morbidities                                                                                                                                                               3 (4.5)                            4 (6.0)                                        7 (10.5)    0 (0.0)                                     4 (5.7)                             0 (0.0)             4 (5.7)                  
  **Smoking habit in combination with co-morbidities**                                                                                                                                                                                                                                                                                                                                                        
  Never smoker without co-morbidity                                                                                                                                                0 (0.0)                            3 (4.5)     0.373                              2 (3.0)     1 (1.5)                             0.079   4 (5.7)                             1 (1.4)     0.884   5 (7.1)                  NA
  Former smoker without co-morbidity                                                                                                                                               1 (1.5)                            3 (4.5)                                        2 (3.0)     2 (3.0)                                     5 (7.1)                             0 (0.0)             5 (7.1)                  
  Active smoker without co-morbidity                                                                                                                                               1 (1.5)                            4 (6.0)                                        5 (7.5)     0 (0.0)                                     9 (12.9)                            2 (2.9)             11 (15.7)                
  Never smoker with co-morbidity                                                                                                                                                   0 (0.0)                            7 (10.5)                                       7 (10.5)    0 (0.0)                                     5 (7.1)                             1 (1.4)             6 (8.6)                  
  Former smoker with co-morbidity                                                                                                                                                  4 (6.0)                            7 (10.5)                                       11 (16.5)   0 (0.0)                                     16 (22.9)                           2 (2.9)             18 (25.7)                
  Active smoker with co-morbidity                                                                                                                                                  9 (13.5)                           28 (42.0)                                      33 (49.5)   4 (6.0)                                     19 (27.1)                           6 (8.6)             335 (35.7)               

*Numbers in parentheses represent percentages; NA, not applicable; since all patients reached the target dose no statistical analysis could be performed*.

  **C: Reaching the target dose during either primary or adjuvant RT**                                                                                                                                                                                                                                 
  ---------------------------------------------------------------------- ---------------------------------- ----------- ---------------------------------- ----------- ----------------------------------- ----------- ----------------------------------- ----------- ------- ----------- ----------- -------
                                                                         **Primary RT target dose 70 gy**               **Primary RT target dose 65 gy**               **Adjuvant RT target dose 60 gy**               **Adjuvant RT target dose 55 gy**                                               
                                                                         ***n*** **=** **24**                           ***n*** **=** **24**                           ***n*** **=** **71\***                          ***n*** **=** **71\***                                                          
                                                                         **Reached**                                    **Reached**                                    **Reached**                                     **Reached**                                                                     
                                                                         Yes                                No                                             Yes         No                                              Yes                                 No                  Yes         No          
  Variable                                                               5 (20.8)                           19 (79.2)                                      14 (58.3)   10 (41.7)                                       47 (66.2)                           24 (33.8)           63 (88.7)   8 (11.3)    
  **Smoking habit prior to diagnosis**                                                                      *p*-value                                                  *p*-value                                                                           *p*-value                       *p*-value   
  Never smoker                                                           0 (0.0)                            5 (20.8)    0.656                              4 (16.7)    1 (4.2)                             0.498       10 (14.1)                           9 (12.7)    0.092   16 (22.5)   3 (4.2)     0.431
  Former smoker                                                          2 (8.3)                            5 (20.8)                                       4 (16.7)    3 (12.5)                                        11 (15.5)                           8 (11.3)            16 (22.5)   3 (4.2)     
  Active smoker                                                          3 (12.5)                           9 (37.5)                                       6 (25.0)    6 (25.0)                                        26 (36.6)                           7 (9.9)             31 (43.7)   2 (2.8)     
  **Co-morbidities**                                                                                                                                                                                                                                                                                   
  Minus                                                                  0 (0.0)                            0 (0.0)     NA                                 0 (0.0)     0 (0.0)                             NA          11 (15.5)                           4 (5.6)     0.759   13 (18.3)   2 (2.8)     0.673
  Plus                                                                   5 (20.8)                           19 (79.2)                                      14 (58.3)   10 (41.7)                                       36 (50.7)                           20 (28.2)           50 (70.4)   6 (8.5)     
  **Co-morbidities**                                                                                                                                                                                                                                                                                   
  None                                                                   0 (0.0)                            0 (0.0)     1\*\*                              0 (0.0)     0 (0.0)                             0.55\*\*    11 (15.4)                           4 (5.6)     0.682   13 (18.3)   2 (2.8)     0.726
  1--3 co-morbidities                                                    5 (20.8)                           16 (66.7)                                      13 (54.2)   8 (33.3)                                        30 (42.3)                           18 (25.4)           42 (59.1)   6 (8.5)     
  \>4 co-morbidities                                                     0 (0.0)                            3 (12.5)                                       1 (4.2)     2 (8.3)                                         6 (8.5)                             2 (2.8)             8 (11.3)    0 (0.0)     
  **Smoking habit in combination with co-morbidities**                                                                                                                                                                                                                                                 
  Never smoker without co-morbidity                                      0 (0.0)                            0 (0.0)     0.656\*\*                          0 (0.0)     0 (0.0)                             0.498\*\*   3 (4.2)                             1 (1.4)     0.207   3 (4.2)     1 (1.4)     0.375
  Former smoker without co-morbidity                                     0 (0.0)                            0 (0.0)                                        0 (0.0)     0 (0.0)                                         3 (4.2)                             1 (1.4)             4 (5.6)     0 (0.0)     
  Active smoker without co-morbidity                                     0 (0.0)                            0 (0.0)                                        0 (0.0)     0 (0.0)                                         5 (7.0)                             2 (2.8)             6 (8.4)     1 (1.4)     
  Never smoker with co-morbidity                                         0 (0.0)                            5 (20.8)                                       4 (16.7)    1 (4.2)                                         7 (9.9)                             9 (12.7)            14 (19.8)   2 (2.8)     
  Former smoker with co-morbidity                                        2 (8.3)                            5 (20.8)                                       4 (16.7)    3 (12.5)                                        8 (11.3)                            6 (8.5)             11 (15.6)   3 (4.2)     
  Active smoker with co-morbidity                                        3 (12.5)                           9 (37.5)                                       6 (25.0)    6 (25.0)                                        21 (29.6)                           5 (7.0)             25 (35.2)   1 (1.4)     

*Numbers in parentheses represent percentages; \*For 1 patient treated by adjuvant RT smoking habit was not recorded; NA, not applicable; since there were no patients that had no co-morbidities no statistical analysis could be performed; \*\*patients without co-morbidities were not included into the analysis*.

Similar as seen for the RT part of the RCT regimen, of those patients treated by primary RT without chemotherapy, only 20.8% (*n* = 5) reached the target dose of 70 gy. Additionally, in this treatment group only 58.3% (*n* = 14) of the patients reached 65 gy. In the group of patients treated with adjuvant RT without chemotherapy 47/71 patients (66.2%) reached 60 gy and 63 (88.7%) reached 55 gy. Here again no correlation between smoking habit, the occurrence or the number of co-morbidities and whether or not any of the target doses were reached could be detected. Nor had the combination of smoking habit and the occurrence of co-morbidities any effect on therapy compliance regarding the RT.

Discussion {#s4}
==========

Interestingly, the results shown here refute the notion that smoking and co-morbidities, alone or in combination, negatively impact compliance with R(C)T in HNSCC patients. Whereas, increasing tobacco use is significantly associated with the presence of co-morbidities, there is no correlation between smoking and/or co-morbidities and an impaired achievement of R(C)T dosages. The vast majority (82.6%) of patients in the present study population does reach the required target dosage (200 mg/m^2^ BSA cisplatin) of their individual therapy regimen irrespective of smoking habit and/or co-morbidity. To this end, poor survival data of smokers in comparison to non-smokers cannot be explained by less intense treatment due to smoking associated co-morbidity. These data are in line with findings by Bøje et al. ([@B17]) who discouraged the assumption that co-morbidity affects treatment compliance. Moreover, cessation of therapy due to incompliance or treatment related morbidity which in general is a rare event in this study population (4.4% of the patients) occurs among smokers and patients with co-morbidities as often as among non-smokers and patients without co-morbidities (data not shown).

As expected, with increasing tobacco abuse smokers show increasing numbers of co-morbidities and the occurrence of such co-morbidity is age-dependent. It can be interpreted that co-morbidities sign responsible for earlier deaths and impaired outcome in tumor survival analysis in comparison to patients without co-morbidities. However, the latter seems independent of cancer disease and treatment. This finding is again in line with data from Bøje et al. stating that cancer specific death is not affected by co-morbidity suggesting that patients die from their co-morbidities rather than from their cancer ([@B10], [@B17]). In the present study, the proportion of active, former and never smokers is 54.3, 28, and 17.6%, respectively, with the latter being within the range of never smokers among comparable study populations ([@B20]--[@B22]). Roughly 80% of HNSCC patients, therefore, do have a positive smoking history, which holds true for populations outside and inside the USA with the latter often being associated with populations with rather low rates of smokers ([@B20]--[@B22]). In light of the eight edition of the TNM-classification (AJCC/UICC) the high proportion of smokers among HNSCC patients is important since, different from the HPV-status with positive impact on patient\'s survival in case of HPV infection, smoking with significant negative impact on patient\'s survival is not considered ([@B23]).

Only recently and investigating the same study population as analyzed here, we described that former smokers show survival rates as bad as active smokers ([@B24]). [Table 2](#T2){ref-type="table"} and [Figure 2](#F2){ref-type="fig"} elucidate that the latter can only be attributed to those former smokers with co-morbidities since the former smokers without co-morbidities survive as well as never smokers without co-morbidities. Likewise, never and active smokers with co-morbidities show inferior survival rates in comparison to never and active smokers without co-morbidities. Therefore, in survival estimates the presence of co-morbidities is more important than the smoking habit itself. In a previous study investigating the influence of smoking on HPV-positive and HPV-negative TSCC we reported that the positive impact of HPV-positivity on survival is fully jeopardized by a positive smoking history ([@B5]). According to the results presented here, this, however, only might be true for those patients with co-morbidities since the negative effects of smoking are in particular evident in patients with co-morbidities in the present investigation. Vice versa, in the absence of any co-morbidity the effect of smoking appears to have only minor impact on survival. Since the occurrence of co-morbidities is age-dependent with never, former and active smokers being younger when not presenting with co-morbidities, additionally age seems to be less important in comparison to co-morbidities in survival estimates. Future investigations will clarify the latter further.

In the mentioned previous study investigating the same study population ([@B24]), we reported that alteration of smoking habit at time of first cancer diagnosis significantly (test for trend) improves survival, with no difference between quitting and reduction of the tobacco consumption. The latter, however, only could be observed for patients treated by surgery only. Taken this together with the results described here, it can be hypothesized that smoking and co-morbidities impact survival differently from what often is assumed: it is not the case that smoking induced co-morbidities jeopardize set treatment plans for R(C)T, but smoking itself seems to have a direct negative effect on specifically peri-operative features. This, however, can be counteracted if patients alter their smoking habit at time of cancer diagnosis. Co-morbidities, however, seem to influence survival rather independent from performed treatment.

Limitations of the study are based on the retrospective nature of the study design. Due to the latter, some questions could not be thoroughly answered such as (1) whether or not treatment planning by radiation oncologists initially was different for patients with a smoking habit and co-morbidities. Since, however, treatment dosage and substances of active and never smokers and patients with and without co-morbidities were the same in the present study, there only seems to be a small chance for a bias in this matter. The latter assumption is in line with data by Gourin et al. ([@B25]) investigating 75 patients. These authors could not find a correlation between severity of co-morbidities and choice of treatment. (2) When discussing the influence of co-morbidities, smoking related and unrelated, on survival in general and, moreover, in terms of endangering treatment dosage, prescribed medications for respective co-morbidities are rather neglected. However, the question should be addressed, what impact, for instance, high blood pressure may have on the patient\'s course of tumor disease when the blood pressure is neatly corrected by a sufficient anti-hypertensive medication. The assumed positive influence of co-morbidity associated medications weakening the negative impact of co-morbidities itself on the course of treatment of the patients could not be supported by detailed information on the prescribed medication of the study population since present data from patient files and tumor documentation were not uniform and not precise enough. Initially, the influence of sufficient vs. in-sufficient medication of co-morbidities on treatment and outcome should be part of the study design, since---mostly due to incompliance---there was a proportion of patients not being sufficiently treated for their co-morbidities. However, the number of patients without sufficient medication was not high enough to reach significance in subgroup analysis. (3) Even though data on alcohol consumption of the study population was collected, these data were excluded from analysis for two reasons: (i) both, smoking and drinking habit, rely on values of subjective impressions of the patients which specifically for drinking is not easy to specify in terms of defined measures. For smoking, however the applied measure "pack per day" is an easy to handle benchmark for patients and clinicians. (ii) different from "pack per day" there is no well-defined measurement for alcohol consumption or these measures are not easy to follow. Aarstad et al. ([@B26]), for instance, defined a regularly drinking person when the latter reported one drink more than twice a week. To in future overcome the defined limitations we initiated, in cooperation with the radiation oncologists of our head and neck tumor center, a prospective study.

Conclusions {#s5}
===========

Smoking and co-morbidities, alone or in combination, do not negatively influence dose achievement of R(C)T in HNSCC patients. A positive smoking history and overall co-morbidity might impair the conduct of radio(chemo)therapy to a lesser extent than assumed. Smoking seems to have direct effects on peri-operative complications with consecutive impact on survival and, moreover, does cause co-morbidities. Co-morbidities, however, cause deaths which are independent from tumor treatment and treatment outcome. For survival estimates co-morbidity and age seems to be more important than the smoking habit of the patients.
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